Introduction
Chronic obstructive pulmonary disease (COPD) is a major public health problem affecting 328 million patients worldwide; 1, 2 it is also the third leading cause of death worldwide and carries a significant economic burden. Recent studies have indicated the heterogeneity of COPD, and the clinical characteristics of diverse phenotypes have been investigated. [3] [4] [5] [6] Emphysema and chronic bronchitis (CB) have historically been regarded as two important phenotypes. 7, 8 Although many patients show either both or neither of these features, significant numbers of patients show predominantly only one of these phenotypes. 5, 7 Patients with CB phenotype are characterized by chronic cough and sputum production. 3 Goblet cell hyperplasia in the bronchial epithelium is an important pathophysiological mechanism underlying this phenotype, which results in hypersecretion of mucus leading to airway obstruction and a predisposition to bacterial colonization. 3, [9] [10] [11] Recent reports indicated that CB phenotype is associated with poor health-related quality of life, 3, [12] [13] [14] [15] reduced lung function, 12, 14 more frequent exacerbations, 3, 7, 12, 14, 16, 17 and higher mortality rate. 14, 16 These CB patients have been reported to constitute 14-74% of all COPD patients. 17 The wide range of prevalence may be due to differences in study design or definitions of CB between studies.
CB is usually defined as frequent cough and sputum production for 3 months per year over 2 consecutive years. [18] [19] [20] In addition, various studies have used other definitions to classify COPD patients into CB and non-CB groups. 12, [21] [22] [23] [24] [25] Therefore, study heterogeneity has imposed some limitations on interpreting the prevalence and outcome of CB, and there have been several interesting reports regarding differences in clinical outcomes in CB patients classified according to different definitions. 24, 25 Many studies have used the St. George's Respiratory Questionnaire (SGRQ) score to define CB. 26, 27 The SGRQ consists of 76 questions correlated with health-related quality of life in COPD patients. 28 Two questions inquire about symptoms of cough and sputum within 1 month, and these may be used as alternatives to investigations based on the classical definition. The COPD Assessment Test (CAT) score consists of cough (CAT1) and sputum (CAT2) scales, and may also be used to classify CB patients. Lim et al recently used SGRQ and CAT scores to categorize COPD patients as CB or non-CB and confirmed similar clinical and radiological outcomes between CB patient groups defined according to different definitions. 25 However, there is a lack of evidence for use of the CAT score to define CB, as clinical outcomes have not been compared with those based on the classical definition used in most studies.
This study was performed to compare clinical characteristics between CB and non-CB groups categorized according to three different definitions of CB. Moreover, we calculated the sensitivity, specificity, negative predictive value (NPV), and positive predictive value (PPV) for the classical and new definitions of CB, and evaluated the agreement among the three definitions.
Methods

Study Design, Study Population, and Data Collection
The Korea COPD Subgroup Study (KOCOSS) cohort is a multicenter COPD cohort study of patients recruited from the pulmonary departments of 54 medical centers in South Korea, beginning in April 2012. The inclusion criteria were South Korean patients more than 40 years old with a ratio of forced expiratory volume in 1 second (FEV1) to forced vital capacity (FVC) ratio ≤0.7 after bronchodilator treatment. In this study, we extracted the data from the KOCOSS cohort, enrolled until 14 June 2018, to evaluate alternative CB definitions based on SGRQ and CAT scores.
Classical, SGRQ, and CAT Definitions of CB
Three definitions of CB were evaluated in this study. In accordance with the classical definition, patients who answered "yes" to all of the following questions were classified as having CB: 1) Do you have cough most days, at least 3 months per year? 2) Have you had cough for more than 2 consecutive years? 3) Do you have sputum most days, at least 3 months per year? 4) Have you had sputum production for more than 2 consecutive years? 12, 13, 16, 19, 29 The SGRQ definition of CB was based on that of previous studies using questions from the SGRQ: 1) How often do you complain of cough during the week? 2) How often do you complain of sputum production during the week? [24] [25] [26] [27] Patients answering "most days of the week" or "several days of the week" to both of these questions were classified as having CB.
As proposed by Lim et al, the CAT definition of CB was based on the CAT score in patients with both CAT 1 (cough) and 2 (sputum) scores ≥3. 25 
Clinical Parameters
Clinical patient parameters, including age, sex, smoking history, and body mass index (BMI), were evaluated. We also evaluated parameters relevant to COPD, such as the modified Medical Research Council (mMRC) scale score, CAT total score, SGRQ total score, number of moderate-to -severe exacerbations per year, and number of severe exacerbations per year. Moderate exacerbation was defined as that requiring administration of antibiotics or oral corticosteroids on an outpatient basis. Exacerbation that led to an emergency room visit or hospital admission was defined as severe. 30 Patients with high risk were defined as more than 2 moderate exacerbations or 1 severe exacerbation per year. Furthermore, pulmonary function test parameters, including FEV1, FVC, FEV1/FVC ratio, diffusion capacity of the lung for carbon monoxide (DLCO), and ratio of residual volume to total lung capacity (RV/ TLC) were also analyzed.
Statistical Analysis
All statistical analyses were performed with R software (ver. 3.5.2; R Development Core Team, Vienna, Austria). Continuous variables are reported as means ± standard deviation (SD), and categorical variables are shown as numbers and percentages. We compared the clinical characteristics of CB and non-CB patients defined according to the three definitions outlined above. Categorical variables were compared between two groups with the χ 2 test, and continuous variables were analyzed by Student's t test. In all analyses, P<0.05 was taken to indicate statistical significance.
We performed multiple logistic regression for high risk with each CB definitions, sex, age, smoking history (current smoker vs ex-or never smoker) and FEV1. We used receiver operating characteristics (ROC) curve analysis for each model and calculated area under the curve (AUC) for the most fitting model. We calculated the sensitivity, specificity, PPV, and NPV of the new CB definitions (SGRQ and CAT definitions) compared to the classical definition. In addition, we performed Cohen's kappa test to evaluate agreement among the three different definitions. A κ value between 0.01 and 0.20 represents slight, 0.21-0.40 fair, 0.41-0.60 moderate, 0.61-0.80 substantial, and 0.81-1 almost perfect agreement. 31 
Ethics
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Results
Baseline Characteristics
A total of 2694 COPD patients were enrolled in the KOCOSS cohort from April 2012 to June 2018. The baseline characteristics of the study population are shown in Table 1 . The mean age was 69.2 ± 8.0 years and 92.0% of the patients were male. The mean total CAT score and SGRQ score were 14. 7 ± 8.0 and 31.9 ± 18.8, respectively. The patients suffered moderate-to-severe exacerbation and severe exacerbation 0.5 ± 1.4 and 0.1 ± 0.5 times per year, respectively. Mean FEV1 was 1.7 ± 0.6 L (62.1% ± 19.2%) and mean FEV1/FVC was 51.3% ± 12.4%. The mean predicted DLCO percentage was 73.2% ± 23.1%.
Differences in clinical characteristics between CB and non-CB patients classified according to the classical definition are shown in Table 2A . Classical CB patients accounted for 10.8% of COPD patients. There were no significant differences between the two groups in age, sex, smoking history, severe exacerbation history, or RV/TLC. However, CB patients showed lower BMI (22.5 ± 3.2 vs 23.1 ± 3.4, respectively) and a higher symptom score on the mMRC dyspnea scale (1.7 ± 1.0 vs 1.3 ± 0.9, respectively), higher CAT total score (21.1 ± 8.3 vs 13.9 ± 7.6, respectively), and higher SGRQ total score (45.7 ± 21.7 vs 30.3 ± 17.8, respectively). In addition, there were significant differences in moderate-to-severe exacerbation risk between CB and non-CB patients (0.9 ± 1.8 vs 0.5 ± 1.3 per year, respectively) and CB patients had a lower FEV1% predicted (56.0% ± 18.1% vs 62.2% ± 19.4%, respectively) and FEV1/FVC ratio (47.0% ± 12.3% vs 51.6% ± 12.3%, respectively).
Differences in clinical characteristics between CB and non-CB patients classified according to the SGRQ Table 2C . CB patients accounted for 24.0% of the COPD patients using this definition. There were no differences in age or sex between the two groups. As with the SGRQ score, more CB patients were current smokers (32.6% vs 24.5%, respectively), but there was no significant difference in pack-years between groups. There was no significant difference in severe exacerbation history, but a significant difference was observed in moderate-to-severe exacerbation between the CB patients and non-CB patients (0.7 ± 1.6 vs 0.4 ± 1.2, respectively). Consistent with the previous two definitions, CB patients showed low BMI (22.7 ± 3.4 vs 23.1 ± 3.3, respectively), higher symptom scores on the mMRC (1.7 ± 1.0 vs 1.2 ± 0.9, respectively), higher CAT total score (22.8 ± 7.1 vs 12.1 ± 6.4, respectively), higher SGRQ total score (45.1 ± 20.6 vs 27.7 ± 16.1, respectively), and lower FEV1% predicted (58.7% ± 20.3% vs 63.1% ± 18.8%, respectively), FEV1/FVC (49.1% ± 13.0% vs 52.1% ± 12.1%, respectively), and DLCO (70.5 ± 22.5 vs 73.7 ± 22.9, respectively). RV/TLC was significantly different between the CB and non-CB groups (45.7 ± 13.7 vs 43.3 ± 14.2, respectively), whereas it was not significantly different using the previous two definitions.
Association of CB Phenotype by Each definition and Risk of Exacerbation
The result of multiple logistic regression to reveal an association between CB phenotype by each definition and risk of exacerbation is shown in Table 3 . By three different models, the results consistently showed that CB phenotype, age and FEV1 were associated with high risk of exacerbation. The odds ratio for high risk with three CB definitions (classic, SGRQ, CAT) were 2.39, 1.83 and 1.69, respectively. ROC curve analysis was shown in Figure 1 . Area under the curve (AUC) was calculated as 0.70, 0.71 and 0.70, respectively.
Discrepancies in Patient Groups Among the Three Different Definitions of CB
The discrepancies in patient groups among the three different definitions of CB are shown in Figure 2 . Among the patients classified as CB by the classical definition, 87.3% and 68.5% were reclassified as CB according to the SGRQ and CAT definitions, respectively. In addition, among CB patients defined according to the SGRQ definition, 26.4% and 50.4% were classified as CB according to the classical and CAT definitions, respectively. Finally, in patients classified as CB according to the CAT definition, 30.3% and 75.0% were classified as CB according to the classical and SGRQ definitions, respectively. We calculated the sensitivity, specificity, PPV, and NPV of the two new CB definitions (ie, SGRQ and CAT definitions) compared to the classical definition ( Table 4) . Classification of CB patients with the SGRQ definition showed sensitivity and specificity of 87.2% and 70.5%, respectively. In addition, the PPV and NPV were 26.4% and 97.9%, respectively, in comparison with the classical definition. Moreover, classification using the CAT definition showed sensitivity and specificity of 68.5% and 81.1%, respectively, compared with the classical definition. PPV and NPV were 30.3% and 95.6%, respectively.
Results of Kappa Coefficient Test
The results of Cohen's kappa test of agreement between the three CB definitions are shown in Figure 3 . The κ value for the classical definition and the SGRQ definition was 0.29, and that for the classical definition and the CAT definition was 0.32; thus, there was fair agreement in both cases. Moreover, the κ value for the SGRQ and CAT definitions was 0.44, indicating moderate agreement.
Discussion
The present study was performed to investigate two alternative definitions of CB, using SGRQ and CAT subscale scores pertaining to cough and sputum production, which could replace the classical definition. We compared the clinical parameters of CB and non-CB patients classified according to each definition, and the results showed that CB patients classified according to both alternative definitions showed similar results regarding clinical manifestations compared to those classified according to the classical definition. According to both of the new classifications, CB patients were more dyspneic, had more respiratory symptoms, suffered moderate-to-severe exacerbations more frequently, and had lower FEV1 and DLCO. Severe exacerbation tended to be more frequent in CB patients classified acceding to all three definitions, but statistical significance was found only with the SGRQ definition. By logistic regression analysis, our study proved that CB, defined by all three definitions, was an independent factor for high-risk COPD patients, and these three regression models showed similar performance in predicting high-risk COPD patients. These clinical characteristics of CB corresponded to those of patients with CB in previous studies. [12] [13] [14] [15] 29, 32 Furthermore, the RV/ TLC was significantly higher in the CB group CB than the non-CB group classified according to the CAT definition (P<0.05). Although the same tendency was observed with the other definitions, it was not statistically significant in either case.
To determine the clinical importance of respiratory symptoms in COPD patients, many attempts have been made using various methods to classify patients into phenotypes based on such symptoms. In the 1960s, the Medical Research Council (MRC) committee developed the MRC questionnaire and performed an epidemiological investigation of chronic respiratory symptoms. 33 They defined CB as persistence of cough and production of sputum on most days for 3 months each year, and this definition was widely used. 34 However, different groups continued to use various methods to define CB, which made it difficult to compare the results between studies. [35] [36] [37] Therefore, the American Thoracic Society (ATS) issued standardized questionnaires in 1978 to define CB, which was identical to the "classical definition" of CB used in our study. 20, 24 However, there may have been some recall bias using this definition, especially in elderly patients, because of the long-term evaluation period of 2 years. 12, 25 In addition, the term "3 months per year, for 2 consecutive years" may be confusing for both patients and doctors. Furthermore, this definition may be difficult to apply in analyses of retrospective cohort studies. Therefore, there have been a number of attempts to establish other definitions as alternatives to the classical definition, including using the SGRQ score. 26, 27, 38 Kim et al compared an alternative definition of CB based on the SGRQ score with the classical definition and reported that CB patients classified according to both the classical and SGRQ definitions showed similar clinical and radiological characteristics. 24 This previous study showed good sensitivity, specificity, and NPV (87%, 77%, and 95%, respectively), similar to our study. In addition, the kappa test showed moderate agreement (κ = 0.55), where this agreement was stronger than in our study. These results suggested that the SGRQ definition of CB is a good alternative to the classical definition. However, the PPV was significantly low (57%), as also observed in the present study. This may have been due to the SGRQ definition requiring patients to recall only 4 weeks of respiratory symptoms, in contrast to 2 consecutive years in the classical definition. Therefore, patients with only recent symptoms may have been classified as having CB according to the SGRQ definition, but not the classical definition.
Recently, Lim et al suggested that CAT subscale scores should be used to define CB. 25 They investigated the prevalence of CB in their cohort to inform an adequate cut-off value to define the condition, and developed the CAT definition that was also used in our study. Consistent with our observations, they reported similar clinical and radiological outcomes between CB groups classified according to the SGRQ and CAT definitions. In the present study, we demonstrated good sensitivity, specificity, and NPV, with fair agreement between the classical and CAT definitions of CB based on the kappa coefficient. However, the PPV was somewhat low, which may have been due to the relatively short period of recall associated with the CAT questionnaires, similar to the SGRQ definition.
The prevalence of CB differed widely according to the definitions used in our study. The CB prevalence of 24% according to the CAT definition corresponded to previous population-based studies (14-30%) and was similar to the target value used when developing the definition (20.4%). 17, 25 However, the prevalence of CB according to the classical definition was 10.8% in the present study, which was lower than in previous studies. This may have been due to confusion with the phrase "2 consecutive years" used in the questionnaire, especially when translated into Korean. 12 In addition, some studies may have classified more patients as having CB when they defined CB based on sputum alone, or used a shorter evaluation period. The CB prevalence according to the SGRQ definition was highest in our study, consistent with two previous studies. 24, 25 This may also have been due to the short evaluation period, such that patients with acute symptoms may have been diagnosed as CB.
This study had some limitations. First, due to its crosssectional design, further longitudinal studies are needed to validate the new CB definitions. Second, the CAT definition of CB has only been evaluated in the South Korean population. 25 As our study showed that CB patients classified using the classical definition constituted a lower proportion of COPD compared to previous studies, the cutoff value of CAT1/2 used in the CAT definition may need to be readjusted for use in other populations worldwide.
Despite these limitations, this study had a number of strengths. First, we demonstrated the validity of the CAT score for defining CB. As the SGRQ requires considerable time for completion, it is difficult to use routinely in clinical practice. Therefore, the SGRQ has generally been used for research purposes. However, the CAT score can be administered more rapidly than the SGRQ, making it suitable for routine use in clinical practice. Therefore, defining CB according to the CAT score, as in our study, may allow clinicians to identify CB patients more easily and thus improve the quality of medical services. Second, the analyses in our study were performed in a large number of patients from the KOCOSS cohort database over a period of 6 years.
In this study, CB patients classified according to new definitions of CB based on SGRQ and CAT scores showed similar clinical characteristics to those classified according to the classical definition. The favorable sensitivity, specificity, and NPV, and fair kappa agreement score suggested that the new CB definitions may be used as alternatives to the classical definition.
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